Introduction
The perovskite manganites are of recognized importance, owing to the development of new materials designed for different potential scientific and technological applications, such as magnetic sensors in the tracking and location of emergency personnel, ferroelectric thin films, microwaves, spintronics, semiconductor technologies and memory devices etc. These materials have been the subject of significant research interest because of the intriguing underlying physics showing marked colossal magnetoresistance (CMR) effect and the anticipated multifunctional and advanced applications for the next generation electronics. The recent discovery of large magnetoelectric effects in the R 1−x A x MnO 3 (where R and A are trivalent rare earth and divalent alkaline earth ions, respectively) has kindled interest among investigators in understanding the complex relationships between lattice distortion, magnetism, dielectric and thermodynamic properties of undoped RMnO 3 and are good candidates for certain sensor applications, bolometers, magnetic refrigeration, read head devices, magnetic storage in hard disk and floppy disks, and spin valve devices (such as the 21 st Century electronics i.e. spintronics (Yamasaki et al., 2007) . The huge magnetoresistance or colossal magnetoresistance effect (CMR) has been observed in the perovskite manganites (Jin et al., 1994) 
. The magnetoresistance is defined as (ΔR/R H = [R(T,H) − R(T, 0)]/R(T, H).
Magnetoresistance can be negative or positive. In most nonmagnetic solids the magnetoresistance is positive. In non-magnetic pure metals and alloys MR is generally positive and MR shows a quadratic dependence on H. MR can be negative in magnetic materials because of the suppression of "Spin Disorder" by the magnetic field. The Giant magnetoresistive effect GMR was recently discovered by Sir Peter Grünsberg (Germany) and Sir Albert Flert (France) (see photographs 1 and 2) and both of them were awarded Nobel Prize in the year 2007 (Baibich et al., 1988; Binasch et al., 1989) . It has been used extensively in read heads of modern hard drives. Another application of the GMR effect is non-volatile, magnetic random access memory. Read heads of modern hard drives are based on the GMR or TMR effect.The GMR effect is observed, mainly, in artificial multilayer systems with alternating magnetic structure and is used in many applications. The large magnetoelectric effects in the rare-earth manganites RMnO 3 has reopened the field of the socalled multiferroic materials. Multiferroic means, that several ferro-type orders, such as ferromagnetism, ferroelectricity or ferroelasticity coexist.
www.intechopen.com Manganites have opened up challenging and exciting possibilities for research in condensed matter physics and materials science. Today, the science and technology of magnetism have undergone a renaissance, driven both by the urge to understand the new physics and by demand from industries for better materials. The current computer age relies on the development of smaller and "smaller" materials for memory devices, data storage, processing and probing. Materials can be divided into numerous categories, depending on their origin, use or morphology. The number of applications, properties and their combinations seems to be almost unlimited. One prime example of a small but diverse group of materials is the perovskite family. Solid state physicists, chemists and materials scientists have recently shown a wide interest in these perovskites, because of their unique properties such as the high temperature superconductivity, colossal magnetoresistance (CMR) and ferroelectricity. Still new and unexplored possibilities of the perovskites appear. In spite of the progress made in our understanding of the properties of these materials, very basic questions like "Why is this material a good conductor, while a similar material is an insulator" remain a challenge. Millions of people tackle this question everyday. Manganites clearly offer great opportunity at low temperatures but extending this promise to room temperature remains a challenge.
Despite enormous theoretical and experimental activity in the area of manganites, a complete understanding of the unusual physical properties in perovskite manganites is still lacking and many questions remain unresolved. For example, a lot of theoretical models are developed, but they are so diverse that it is difficult to choose between them. Moreover, a quantitative comparison of the known models with experimental data is practically impossible or too ambiguous. After several theoretical efforts in recent years, mainly guided by the computational and mean-field studies of realistic models, considerable progress has been achieved in understanding the physical properties of these compounds. Most vividly, to the best of my knowledge, only a few groups are involved with the theoretical investigation of the temperature, pressure and composition-dependent thermodynamical, structural and phonon dynamical (vibrational) properties of perovskite manganites and/or multiferroic manganites.
The system offers a degree of chemical flexibility which permits the relation between the structural, electronic and magnetic properties of these oxides to be examined in a systematic way. The manganites also have potential as solid electrolytes, catalysts, sensors and novel electronic materials. Their rich electronic phase diagrams reflect the fine balance of interactions which determine the electronic ground state. These compounds represent the interplay of experiment, theory and application which is an important aspect of condensed matter physics research.
The experiments have given quantitative explanation of the metal-insulator phase transitions, while from a fundamental point of view, the central question is to understand the different physical properties and thus, the theoretical attempts are still awaited to understand the mechanism of these exotic materials. Looking to the importance of materials and availability of wealth of experimental data on various physical properties. It is well known that these physical properties of the materials originate from the interatomic interactions between their atoms. Therefore, the author has thought it pertinent to develop the model of interatomic potentials with limited number of adjustable parameters to predict the cohesive, thermal, elastic and phononic dynamical properties of the pure and doped perovskites. The perovskite structure is adopted by many oxides that have the chemical formula ABO 3 . The relative ion size requirements for stability of the cubic structure are quite stringent, so slight buckling and distortion can produce several lower-symmetry distorted versions, in which the coordination numbers of A , B ions or both are reduced. The stability of the perovskite structure depends upon the tolerance factor defined by Goldsmith tolerance factor (t). The perovskite structure is supposed to be stabilized in the range of 0.75< t < 1. However, for an ideal perovskite t = 1. For perovskite containing small central cations, the Goldschmidt tolerance factor, t, is typically <1. Tilting of the octahedral structure is common in perovskite with t<1. For t<1, the cubic structure transforms to the orthorhombic structure which leads to deviation in the Mn-O-Mn bond angle from 180 o (for an ideal perovskite). The deviation of the Mn-O-Mn bond angle from 180 o leads to the distortion in the MnO 6 octahedron. According to the Jahn-Teller (JT) theorem, the structure will distort thereby removing the degeneracy of the e g orbitals. In solids, the orbital degree of freedom of the Mn 3+ ion often shows long range ordering associated with the cooperative JT effect. The magnetic properties of the manganites are governed by exchange interactions between the Mn ion spins. These interactions are relatively large between two Mn spins separated by an oxygen atom and are controlled by the overlap between the Mn dorbitals and O p-orbitals.
The present investigations provide several important information about their cohesive, thermal, elastic, phonon and vibrational properties and how these properties of pure and doped perovskite manganites vary at magnetic transitions. The learning of inter molecular interaction is important as it influences the stability and hardness of the material. It is also distinguished that the chemical stability is associated with cohesive energy. Compounds with higher cohesive energy generally have chemical stability. The study of atomic vibrations in crystalline solids is a subject with a long and interesting history and over the years has been explored in all its aspects. The formal basis for the investigation of the vibrations, especially within the framework of the harmonic approximation, along with meritorious treatments in their own right has been presented in this chapter. The modified effective interaction potentials to explore various physical properties of these advanced, smart and novel materials are described in detail in this chapter.
Importance
The development of new and novel materials for technological applications has opened many doors to innovation in the 21 st century. New magnetic and electronic materials in particular have helped to bring about the information revolution. Many physicists are interested in new materials because they can be used to study a new physical phenomenon. With respect to structure, these manganites have been grouped into the hexagonal phase (P63cm) with R (= Ho, Er, Tm, Yb, Lu or Y) (Yakel et al., 1963) having smaller ionic radius (r R ) and the orthorhombic structure (Pnma) with R (= La, Pr, Nd, Sm, Eu, Gd, Tb or Dy) (Gilleo et al., 1957) having larger (r R )(figures 1 and 2). www.intechopen.com
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Research work on perovskite materials is being carried out both in India and other countries and has resulted into several important technological applications and patents, particularly in the areas like spintronics, semiconductor technologies, magnetic sensors, bolometers, magnetic refrigeration, read head devices, magnetic storage in hard disk and floppy disks. At the international level, an extensive research work is being conducted by several groups (Alonso et al., 2000; Lo´pez et al., 2002; Ku et al., 2004; Kimura et al., 2005; Iliev et al., 2006; Tachibana et al., 2007; ) 
Detailed methodology

Extended Rigid Ion Model (ERIM)
The author has recently developed an extended rigid ion model (ERIM) by incorporating the the long-range (LR) Coulomb attraction, the short-range (SR) Hafemeister-Flygare (HF) type overlap repulsion effective up to the second neighbour ions, the van der Waals (vdW) attraction due to the dipole-dipole (d-d) and dipole-quadrupole (d-q) interactions and zero point energy (ZPE) effects in the framework of modified rigid ion model (MRIM) developed earlier by us -2010 .
The framework of ERIM is derived from the following interionic interaction potential:
where,  MRIM potential -2010 is given by
and
This ERIM has been developed and applied by the author, probably for the first time, to describe the thermodynamic and phononic properties of the doped and undoped perovskites materials.
kk' are the Pauling coefficients:
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with z k (z k' ) and n k (n k' ) as the valence and number of electrons in the outermost orbits of k (k') ions. In Eqn. (1), r kk' and r kk (= r k'k' ) are, respectively, the first and second neighbour separations and their values are obtained for A substitutions (x) using the well known Vegard's law (Vegard, 1921) .
The symbols c kk ' and d kk ' are the corresponding vdW coefficients, whose values have been determined by using their expressions derived from the Slater-Kirkwood variational (SKV) (Slater & Kirkwood, 1931) method:
where m and e are the mass and charge of electron, respectively. α k (α k' ) are the electronic polarizabilities of k(k ' ) ions ; N k (N k' ) are the effective number of electrons responsible for the polarization of k(k ' ) ions. The values of c kk' and d kk' are evaluated using the Eqns. (4) and (5) here, r o and r are the interionic separations in the equilibrium and otherwise states of the system, respectively. The symbol K is the crystal structure constant.
The total specific heat is computed by including the contribution of specific heat from lattice, electrons, phonons and schottky effects. 
where N=5 is the number of atoms in the unit cell, R = 8.314 J /mol K is the ideal gas constant,  D is the Debye temperature and x =  D /T. 
The computations have been performed to understand the cohesive and thermal properties at different temperatures (T) and compositions (x) of RMn 1-x Ga x O 3 (R = Ho, Y and x =0, 0.03, 0.1, 0.2 and 0.3). Here, the author has tried to address the study of thermodynamic properties of solids which is one of the fascinating fields of condensed matter physics in the recent years. Thermodynamics play an important role in explaining the behaviour of manganites, as many properties are attributed to 'electron-phonon' interaction. As electronphonon interaction is one of the most relevant contributions in determining the conduction mechanism in these materials. The strong coupling between the electron and the lattice brings about by a small change in the chemical composition, like the ratio between trivalent and divalent ions at the A site or the average ionic radius of the ions on the A site, a large changes in the physical properties. Thus, the thermodynamic and phononic properties of these materials may be taken as a starting point to a consistent understanding of the more complex physical properties of the manganites. The author has explored the physical properties such as cohesive energy (), molecular force constant (f), compressibility ( ), Restrahalen frequency (υ 0 ), Debye temperature ( D ), Grüneisen parameter () and specific heat (C(T)), probably for the first time, using extended rigid ion model (ERIM).
Results and discussion
Using the input data (Zhou et al., 2006) Souza et al., 1999) , which is a member of the same family. The negative values of cohesive energy show that the stability of these manganites is intact. It is also noticed from tables 1 and 2 that the values of hardness (b 1 , b 2 ) and range parameters (ρ 1 , ρ 2 ) increase with concentrations (x). The author has also calculated the values of the molecular force constants (f) and Restrahalen frequencies (υ 0 ) (see tables 3 and 4) and found that υ 0 increases with temperatures (T ) and concentrations (x). Since the Restrahalen frequency is directly proportional to the molecular force constant (f) therefore both of them vary with the temperature accordingly for different concentrations (x). The values of Restrahalen frequency are almost in the same range as that reported for the pure material YMnO 3 (υ 0 = 13.08 THz) (Zhou et al., 2006) . The calculated value of Debye temperature (θ D ) for RMn 1-x Ga x O 3 (R = Ho, Y and x =0, 0.03, 0.1, 0.2 and 0.3) is approximately in agreement and comparable with the corresponding data (577 K and 628 K) available only at room temperature for HoMnO 3 and YMnO 3 (Zhou et al., 2006; Renu Choithrani et al., 2011) . The calculated values of (θ D ) for RMn 1-x Ga x O 3 (R = Ho, Y and x =0, 0.03, 0.1, 0.2 and 0.3) at 300 K are ranging from 577.11 K to 622.05 K, which lie within the Debye temperature range (300-650 K) often found in perovskite manganites -2010 . The Grüneisen parameters () obtained by the author are found to lie between 2 and 3, which are similar to the values observed by Dai et al., 1996 .
The specific heat (C) values calculated by the author for RMn 1-x Ga x O 3 (R = Ho, Y and x =0, 0.03, 0.1, 0.2 and 0.3) at temperatures 0 K ≤ T ≤ 300 K and are displayed in figures 3-11 and found to be in good agreement with the measured data (Zhou et al., 2006) . The computed results have followed a trend more or less similar to those exhibited by the experimental curve at lower temperatures. A sharp peak is observed in the experimental specific heat curve at ∼59 K due to the A-type AF ordering. The change in Mn-O distance by the substitution of a Ga increases θ D and hence there is a consistent decrease in the specific heat values corresponding to the doping in both of the cases (see figures 3-11). Hence, the concentration (x) dependence of θ D in RMn 1-x Ga x O 3 (R = Ho, Y and x =0, 0.03, 0.1, 0.2 and 0.3) suggests that increased doping drives the system effectively towards the strong electron-phonon coupling regime. The present ERIM calculations yield similar specific heat values at low temperatures (below 60 K) where the acoustic phonons play an important role. On doping Ga (x = 0, 0.03, 0.1 and 0.2) in HoMnO 3 , the specific heat increases monotonically with temperature as shown in figures 3-11. The experimental specific heat results (Zhou et al., 2006) and the computed values by ERIM for HoMn 1-x Ga x O 3 ( x =0, 0.03, 0.1 and 0.2) show three anomalies: (i) a -type anomaly at T N , below 65 K(ii) a narrow peak around T SR , , below 40 K and (iii) a sharp peak at T 2 , below 5 K. With increasing the concentration (x), T N and T 2 decrease but T SR increases. It is also seen from figures 3-6 that the theoretical results obtained by ERIM are in closer agreement with the available experimental (Zhou et al., 2006) data. It is noticed from figures 7-11, the specific heat of YMn 1−x Ga x O 3 just shows a -type peak at T N , which decreases with increasing x. For the YMn 1-x Ga x O 3 (x =0, 0.03, 0.1, 0.2 and 0.3) materials, the specific heat curve shows no peak with temperature down to 2 K. Another noteworthy feature is that there are broad peaks between 5 K and 10 K for HoMn 1−x Ga x O 3 , but no such peaks for YMn 1−x Ga x O 3 . The ERIM results have fairly well reproduced the experimental specific heat data in the temperature ranges 100 K ≤ T ≤ 250 K except for the range 250 K ≤ T ≤ 300 K, in which the experimental specific heat values are not available (see figures 3-11); this feature corresponds to the phase transition from a second-order nature of the antiferromagnetic (AFM) transition of the Mn 3+ magnetic moments as revealed from the specific heat measurements were performed on a PPMS (Physical Property Measurement System, Quantum Design) data (Zhou et al., 2006) . 
Tables and figures
Conclusion
On the basis of the overall descriptions, it may be concluded that the diverse exposition of the temperature-dependent thermodynamical and phononic properties of perovskite manganites RMn 1-x Ga x O 3 (R = Ho, Y and x =0, 0.03, 0.1, 0.2 and 0.3) attained by the author is remarkable in view of the inherent simplicity of the extended rigid ion model. All this indicates the power and usefulness of the ERIM as having the potential to explain a variety of physical properties (such as cohesive, thermal, elastic and thermodynamic) of the pure and doped perovskite materials. However, the efforts that have been devoted by many experimental workers to observe magnetic transitions and properties, to the best of my knowledge, only a few groups are involved with the study of temperature-and composition-dependent properties of perovskite manganites (or CMR) materials. The extended rigid ion model has reproduced the physical properties that correspond well to the experimental data. The author believes that such properties will serve young researchers, scientists and experimental workers fruitfully. Also, they will get additional informations i.e. more than a thermodynamical and vibrational picture of these materials. However, it is expected to be of immense use to other workers with peripheral interest in thermodynamical and phononic. ERIM has been applied to compute the cohesive, thermal and thermodynamical properties of the pure and doped perovskites. Some of the results on these physical properties of RMn 1-x Ga x O 3 (R = Ho, Y and x =0, 0.03, 0.1, 0.2 and 0.3) are, probably, reported for the first time. These theoretical results are of academic interest as well as of help to understand the mechanism of CMR materials. The success of the model in predicting thermodynamic and phononic properties depends crucially on their ability to explain a variety of microscopic and macroscopic dynamical properties of such complex structured materials.
